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Fairness of financial penalties to improve
control of Clostridium difficile

Trusts in England have been given targets to reduce C difficile infection rates.
But Sarah Walker and colleagues argue that the way they are calculated makes
financial penalties almost impossible to avoid

Financial incentives are increasingly being
used to promote delivery of efficient, high
quality health care."® However, it is widely
agreed that such incentives have to be care-
fully constructed, with clear and simple links
between behaviours or outcomes and incen-
tives, direct indicators that validly measure
the desired behaviours or outcomes, and
sufficient stability to give surety to hospitals
that effort (time, money) put into achieving
targets is warranted.'* We examine how well
these criteria are met by the financial penal-
ties introduced for failing to reduce hospital
acquired Clostridium difficile infection as part
of the 2008-9 standard National Health Serv-
ice contract for acute services.

What are the targets and financial
penalties?

In response to a new hypervirulent strain of
C difficile causing large hospital outbreaks
since 2003,*° the Department of Health
recently set a target of a 30% reduction in
C difficile infections in patients aged 2 years
or older across the entire health economy
(within and outside acute NHS trusts) from
2007-8 to 2010-11.5 All financial penalties
relating to this target are based on compar-
ing the number of cases observed in the cur-
rent “contract year” to the number of cases
observed in the previous “baseline” financial

year. If 200 or more cases are observed in the
baseline or contract year, the penalty is based
on failing to meet the target reduction in the
contract year (0.2% of total contract year rev-
enue for every percentage point the target is
underachieved, capped at 2% when target
underachieved by 10%). However, if fewer
than 200 cases are observed in the baseline
and contract year, the penalty is based on
exceeding the number of baseline cases
(0.1% for every percentage point increase or
0.05% if baseline is below 50 cases, capped
at 2% when there has been a 20% or 40%
increase over baseline respectively).

Targets will be set by primary care trusts,
which commission services from hospital
trusts. Assuming, for simplicity, that the
average target reduction is 10% a year, the
financial penalties follow the trajectories in
fig 1. Although the penalty is capped at 2%
of income, the amounts of money are not
trivial. A large trust would have a contract
revenue of around £500m (€600m; $750m),
and thus a 2% penalty would be £10m and
even 0.1% would be £500000, the equiva-
lent of 10 mid-grade nurses.

The specified financial penalties have
extreme discontinuities. For example, a
trust with 199 baseline cases will escape
financial penalty if it has 199 cases or fewer
in the contract year since in this situation
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the penalty is based on percentage excess
over baseline (0%). If, however, it has 200
cases, the penalty instead becomes based on
underachieving the 10% target reduction,
and immediately increases to 2% because
the target has been missed by more than
10%. Thus a single extra case could cost the
trust millions of pounds. The consequences
of very small increases in the number of
cases, entirely explainable by chance, could
be particularly severe for both South Devon
Healthcare and York Hospitals which had
198 cases in the first baseline year 2007-
8,7 and another six trusts with 192-195
baseline cases.

Calculating likely financial penalties
Suppose that a trust strengthens or intro-
duces practices believed to improve
C difficile control, such as enhanced clean-
ing with 10% sodium hypochlorite, use of
barrier precautions, thorough handwash-
ing with chlorhexidine or soap and water,
and changes in antibiotic policies.*!' The
expected financial penalty will depend on
three factors:
¢ The true reduction in C difficile risk
from these measures, where risk can be
thought of as the true underlying rate
* How closely the observed reduction in
cases matches this true underlying risk
reduction

¢ The formula for calculating financial
penalty.

The key point is that C difficile infection is
not under a hospital’s complete control. C dif
ficileinfection occurs relatively rarely (around
2-3 cases/1000 days among hospital patients
aged over 657) but has very many opportuni-
ties to happen. Therefore the number of cases
observed is subject to considerable natural
random variation; if the true risk reduction is
10%, the observed reduction is equally likely
to be above or below that figure (fig 2). In this
situation, the only way to estimate expected
penalties is by simulating cases in a baseline
year and various true reductions or increases
in C difficilerisk across three further years and
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Fig 2| Observed number

of cases of C difficile over
fouryears in 20 simulated
hospitals with expected 400
baseline cases and an annual
10% true risk reduction
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then calculating the average financial penal-
ties. We simulated the consequences of vari-
ous genuine reductions in C difficilerisk (from
a 20% reduction to a 10% increase) across
four years of observation, with the expected
number of cases in the baseline year ranging
from 25 to 1000, and estimated the financial
penalties over one and three years, assum-
ing that the target is a 10% annual reduction.
We repeated each simulation 50 000 times.
Poisson distributions were assumed for count
data: these assume independent observations
in each year and in practice there is consider-
able clustering of cases leading to substantial
volatility from year to year. For example,
between 2004 and 2007, the median coeffi-
cient of variation (standard deviation divided
by mean) of the annual C difficile counts
for people over 65 was 0.21: this “average
volatility” was represented by Swindon and
Marlborough Trust, which had 246, 230, 349,
and 322 cases. This extra-Poisson variability
means that our estimates can therefore be
assumed to be conservative.

If the target is a 10% annual reduction,
around half of trusts with 250-1000 baseline
cases and a true 10% risk reduction would
still pay a financial penalty in the follow-
ing contract year (fig 3 (top)). Once the 200
baseline case threshold is crossed, trusts with
smaller numbers of cases pay larger mean
penalties despite the same true 10% risk
reduction. This is because the risk reduction
can be estimated more precisely with more
cases, and also because 1/baseline cases, on
which the incremental financial penalty is
based, goes down faster than (90%xbaseline
cases)”, on which the width of the sampling
distribution in the contract year is based,
goes up. To have a small (<5%) chance of
not paying any financial penalty under the
formulas for a 10% target, trusts will have to
exceed the target by 5-15% (fig 4).

When there is truly no reduction in C dif
ficile risk, over 90% of trusts with 250-1000
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baseline cases will pay a financial penalty
in the following contract year, although this
will not necessarily be the full 2% (mean 1.4-
1.8%, fig 3(bottom)).

Thus the 98 (58%) trusts with more than
250 cases in 2007-8 that believe they can
achieve the target risk reductions should
still reserve 0.4-0.6% total contract revenue
for financial penalties; those that do not
think they can achieve this should probably

reserve the full 2%.

Problems with stipulated financial

penalties

The stipulated financial penalties implic-
itly assume that rates of C difficile infections
can be estimated precisely enough to know
that an observed 1-10% underachievement
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Fig 3 | Percentage of trusts paying any financial
penalty and mean financial penalty incurred over
one contract year according to expected C difficile
cases in baseline year

of target is actually a true underachieve-
ment. This simply does not hold: observed
underachievements may merely be an arte-
fact of variability in the observed rate reduc-
tion. This variability is increased by using
a single baseline year, leading to the well
known statistical problem regression to the
mean.!?!* If the number of baseline cases
observed happens to be high by chance,
the number of cases in the following year
is likely to be lower just because getting two
random high observations is less likely. Sim-
ilarly, if the number of observed baseline
cases is low by chance, the number in the
next year is likely to be closer to or higher
than average (fig 2). For example, Taunton
and Somerset NHS Trust’s figures for peo-
ple aged over 65 between 2004 and 2007
are 331, 399, 409, 173, suggesting that the
recent reduction may be at least partly due
to chance, and giving them an extremely
challenging first baseline year. Although
both situations are equally likely, the finan-
cial penalties work in only one direction,
with only chance low numbers followed by
natural highs being penalised harshly.

Unfortunately, the rolling baseline year
maximises the cumulative impact of regres-
sion to the mean over three years. Even if the
true underlying risk is going down according
to target, sampling error means it is highly
likely that the cases observed will lie above
the expected trajectory at least once in three
years and thus a financial penalty will be
paid at least once. In fact, if the target is a
10% annual reduction, 95% of trusts with
250-1000 baseline cases and a true 10%
annual risk reduction would pay a financial
penalty at least once over three years (fig 5
on bmj.com). Trusts would have to reduce
risk by 10-15% more than the target to have
a less than 5% chance of paying a penalty
over the three years (fig 6 bmj.com). As an
example, East Sussex Hospitals NHS Trust
had 393, 387, 374, and 303 cases in people
aged over 65 in successive years from 2004
to 2007—if such a penalty scheme had been
in place they would have paid a penalty in
two of the three years owing to not achiev-
ing a 10% reduction, despite an observed
reduction of 30% between the baseline year
of 2004 and 2007.

What should trusts expect?

Figure 7 (on bmj.com) can be used to esti-
mate the probability of paying a financial
penalty and the mean financial penalty
incurred over one and three contract years
for trusts with various numbers of baseline
cases according to different reductions in
risk of C difficile infection. Although our
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simulations assume a 10% annual target
reduction, the results generalise to different
targets as they are based on well known sta-
tistical properties such as sampling variabil-
ity and regression to the mean. It is clear
that achieving the required target is not
predictably linked to avoidance of severe
financial penalties.

A fairer approach?
If investing effort to achieve the required
target does not predictably avoid penalty,
it may be more efficient simply to accept
the penalty.! Trusts will have to balance
the costs and feasibility of achieving large
enough real reductions in C difficile infec-
tions to minimise the chance that their
observed reduction will not incur a pen-
alty against the costs of merely accepting
the penalty whether or not they have truly
achieved the required target. We believe
the current approach runs a serious risk
of demotivating trusts, since they stand a
50% chance of being penalised in any one
year even if they achieve target reductions
in risk and are almost certain to be penal-
ised at least once in three years, just as a
consequence of natural random variation.

Given this natural variation, identifying a
financial penalty scheme with high specifi-
city (a high chance of penalising trusts not
achieving target) and high sensitivity (high
chance of not penalising trusts achieving
target) is impossible. We therefore consider
that a fairer financial penalty would aim for
consistently high sensitivity—that is, it should
have a low chance of penalising trusts whose
observed cases are compatible with the target
risk reduction, allowing for natural random
variation. It should not use a single year as
a baseline nor a rolling baseline year, as this
maximises regression to the mean effects,
and it should not differentially penalise trusts
with different baseline number of cases but
the same relative risk reduction.

One proposal would be to estimate a
baseline number of cases for each trust

using the mean across the last three years.
Although this involves some estimation
because relevant data were not collected
in all subgroups throughout this period,’ it
will at least reduce variation in the major
subgroup of over 65s in hospital. From this
baseline, expected target reductions could
be calculated for the next three years, and
90th or 95th percentiles around these des-
ignated a breach. The Healthcare Commis-
sion recommends and uses this approach.'’
Trusts with observed cases above the breach
level could be penalised by various degrees
according to their tail probability for the
expected sampling distribution. For exam-
ple, for an average trust with a mean of 300
cases a year during 2005-7, successive 10%
annual reductions would be 270, 243, and
219 cases a year. The 90th (95th) percen-
tiles sampled from these expected reduc-
tions are 291 (297), 263 (269), and 238 (244)
respectively. Penalising observed numbers
of cases above these levels would approxi-
mate sensitivity of 90% or 95%.

General effects of financial penalties

Even if such a financial penalty achieved
the presumed goal of encouraging NHS
trusts to make the C difficile target one of
their highest priorities, a major question
remains as to its actual effect on service
provision. End of year penalties mean
money has to be put aside and not spent
on services during a financial year to
ensure that fines can be paid at the end
of it. Furthermore, primary care trusts will
receive large sums of money from these
penalties at the end of each financial year,
which will then have to be disposed of in
some (as yet undetermined) way. Financial
targets, particularly as implemented in
the current NHS contract for acute serv-
ices, may therefore have unexpected and
unwanted effects on the smooth running
of trusts, other than achieving the primary
aims of much needed reductions in out-
comes such as C difficile infections.

Target 10% reduction
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